During the last 15 years, Piaget's theory and methods have been used to investigate the cognitive abilities and development of animals (Dore & Dumas, 1986; Etienne, 1973a Etienne, , 1984 . Although some data are available on the development of preoperational cognitive abilities in nonhuman primates as well as on the development of sensorimotor intelligence, causality, and the space concept, most studies have been devoted to the analysis of object permanence.
In Piaget's theoretical framework, object permanence is one of the most important acquisitions of the preverbal or sensorimotor period (0 to 2 years). Its development is divided into six stages. In the first two stages, infants show very little interest in objects, and when an object is hidden in front of them, they stare at the point of disappearance without searching for it. According to Piaget (1937) , the external world is perceived as a succession of pictures, and objects cease to exist as soon as they leave the perceptual field. In Stage 3, the existence of objects is closely related to the infant's activity but permanence is emerging. Infants are still unable to search actively for a hidden object, but they can, for example, recognize and grasp a partly hidden object (reconstruction of an invisible whole from a visible fraction).
In Stage 4, infants begin to attribute the quality of permanence to objects. At the beginning (Stage 4a), they can find the object only if the grasping movement has been initiated before its disappearance, but later (Stage 4b) this condition is no more a prerequisite. However, even at the end of Stage 4, infants are unable to follow a sequential visible displacement. If an object is hidden and discovered two or three times under cover A and then is hidden under cover B, they still search for it under cover A. This behavior is known as Stage 4 or This research was supported by Grant EQ-2760 from Fonds Formation de Chercheurs et Aide a la Recherche du Gouvernement du Quebec.
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AB error and results, according to Piaget, from the repetition of a previously successful action.
At the beginning of Stage 5 (Stage 5a, Decarie, 1965) , the AB error has disappeared and problems with sequential visible displacement are easily solved. Infants rely now on immediate perception rather than on the repetition of a successful action, and at the end of this stage (Stage 5b, Decarie, 1965) , they can follow more complex movements. For example, when an object is successively hidden, in the same trial, under a number of covers (successive visible displacement), they search for it where it was last seen. Stage 5b infants are also able to solve problems with a single invisible displacement (Corrigan, 1978; Decarie, 1965; Piaget, 1937) . In these problems, the object is first hidden in the hand and then under a cover. Seeing that the hand emerging from the cover is empty, infants search for it under the cover. However, at this stage, they do not have a true understanding of invisible displacements. If the object is invisibly displaced and discovered under cover A, and then is invisibly displaced under cover B, it is searched for under cover A. This sequential invisible displacement is understood only in Stage 6a. Finally, in Stage 6b, infants solve problems with successive invisible displacements; that is, they find an object which, in the same trial, has been invisibly displaced from A to B to C. They are now freed from immediate perception, and the concept of permanent objects is fully developed. They can reconstruct a sequence or a succession of invisible displacements, because they are able to mentally represent the movement of an object that is absent from their perceptual field.
In animals, most Piagetian studies of object permanence have been conducted in nonhuman primates (Bergeron, 1979; Chevalier-Skolnikoff, 1977 ,1982 Mathieu& Bergeron, 1981; Mathieu, Bouchard, Granger, & Herscovitch, 1976; Parker, 1977; Redshaw, 1978; Vaughter, Smotherman, & Ordy, 1972; Wise, Wise, & Zimmermann, 1974; Wood, Moriarty, Gardner, & Gardner, 1980) , and there is quite convincing evidence that chimpanzees, gorillas, and capuchins (Cebus capuchins) display Stage 6 behaviors. Few other mammals have been investigated: golden hamsters 340 This document is copyrighted by the American Psychological Association or one of its allied publishers.
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1981), cats (Gruber, Girgus, & Banuazizi, 1971; ThinusBlanc, Poucet, & Chapuis, 1982; Triana & Pasnak, 1981) , and dogs (Triana & Pasnak, 1981) . In cats, the results are conflicting. Gruber et al.'s (1971) study, which is the first Piagetian animal research ever published, concludes that Stage 4 is the upper limit of object permanence development in this species. However, these authors did not administer any test that would have revealed Stage 5 cognitive abilities, and their conclusion was based on anecdotal observations. Thinus-Blanc et al. (1982) , on the other hand, have shown that cats are able to solve problems with sequential visible displacements (Stage 5a), whereas Triana and Pasnak (1981) believe that they can solve problems with successive invisible displacements (Stage 6b).
The purposes of the experiments reported in this article were to assess as accurately as possible the level of object permanence that is displayed in cats' behavior and to analyze their search activities. This analysis is relevant to the current debate on the interpretation of search behavior in object permanence problems.
Experiment 1
Experiment 1 compared two groups of subjects: In one group, the human analog tests were administered in the usual order of presentation, whereas in the other group, visible displacement tests were preceded by invisible displacement tests. A preliminary study (Dore, Dumas, & Perreault, 1985) has shown that the level of success in the invisible displacement tests can be influenced by the previous administration of visible displacement tests.
Method Subjects
Eight males and 6 females were used in this experiment. They were house-reared cats that were purchased from a laboratory supplier. Their exact age was impossible to determine, but it was estimated to be near or above 2 years. They stayed 21 days in the central animal care facility of the university, where they received a health examination, were treated for endo-and ectoparasites, and were given appropriate vaccination. The experiment began 2 weeks after the end of this health conditioning. During these 2 weeks as well as during the experiment, the subjects were taken out of their cages daily for 1 hour and brought to a room where they interacted with five or six conspecifics and with the two experimenters. They received normal daily food rations, but 2 hours before a preliminary or an experimental session, the feeding bowl was withdrawn from the home cage.
Apparatus
Wood cylinders (2.5 x 1.5 cm), terminated at one end by a piece of metal, were used as target objects. Three 15x15 cm plywood squares with 10-cm legs were completely draped with squares of cloth and used as covers to hide the objects as needed. These covers can be fixed with Velcro bands at a distance of 15 cm from each other on a 35 x 150 cm platform. The material also included two magnets and an 125-cm 3 empty cube with an open face. The covers, the objects, and the platform were washed with a soft detergent after each experimental session. The experimental room (300 x 154 cm) was painted in white and did not contain any visual cues. Two thirds of the floor length were covered with a plywood stand (200 x 154 x 36 cm), thus forming a pit (100 x 154 cm) in the other third. The platform was placed at 8 cm above the stand or 44 cm above the floor of the pit. The experimenter who was performing the manipulations sat in the pit, and his or her arms and shoulders were concealed by a vertical panel (150 x 13 cm) that was fixed on the back of the platform.
Procedure
In Piagetian tests with human infants, the hidden object is generally a toy; that is, an object that is spontaneously searched for. In animal studies, it is desirable to use a neutral object such as a wood cylinder in order to eliminate olfactory cues that would be available with food or other primary reinforcers. However, this neutral object must acquire incentive properties through secondary reinforcement. Consequently, prior to the experimental tests, subjects were exposed to preliminary sessions during which they were trained to touch the cylinder with their paw: The object was simply thrown in front of the animal and each time it touched it, it received a piece of commercial dry food. There were 30 trials in each session, and the training was continued until a criterion of 10 consecutive responses was achieved, which occurred in the third session for all the subjects. These sessions were also used to familiarize the subjects with the experimental room, the experimenters, and the platform; the covers and the small empty cube were not present at this moment.
There were five tests with visible displacement of the object, and two tests with invisible displacement. Subjects were placed on the stand, in front of the center of the platform, at a distance of 1.5 m. One experimenter manually restrained the animal by holding its front shoulders, thus preventing the initiation of any movement toward the object or a particular cover; the other experimenter, who sat in the pit behind the center of the platform, hid the object under a given cover. The object (and in the invisible tests, the empty cube that served as a container) was displaced by a magnet that the experimenter moved under the platform; this procedure avoids the interference of the experimenter's hand in the animal's visual field. The object entered under a cover by its front panel. Subjects were reinforced when they walked toward the platform, put their paw under the cover where the object was hidden, and touched it; a trial was ended if they chose the wrong cover or if the choice has not been made in the minute that followed disappearance.
Care was taken that the subject was looking at and following each step of the manipulation. A trial was discontinued if the subject failed to do so (a trial had to be discontinued 16 times in the 256 visible displacement trials and 8 times in the 56 invisible displacement trials).
As will be seen, each test included only a limited number of trials. The Piagetian methodology has been designed to measure a cognitive ability as it is revealed by spontaneous search behavior. Successful responses can be obtained in intensive experimental sessions as a result of place learning (Dore & Dumas, 1986; Etienne, 1973a ), but they do not reveal true object permanence.
The following test situations were modeled on those used by Decarie (1965) and. Uzgiris and Hunt (1975) in human infants and by Mathieu and Bergeron (1981) 
in chimpanzees.
Test 1: Single visible displacement. Two covers were fixed at equal distance from the center of the platform. In four consecutive trials, the object was hidden under cover A.
Test 2: Sequential visible displacement. Immediately after the last trial of the preceding test, the object was hidden under cover B in two consecutive trials.
Test 3: Visible displacement with three covers. Three covers were fixed on the platform, one in the center and two others on each side and at 15 cm of it. Six trials were conducted with a different hiding cover on each trial (A, C, B, C, A, and B).
Test 4: Two successive visible displacements. As in the preceding test, there were three covers. The experimenter moved the object under a cover, brought it out, and then moved it under a second cover where it was finally hidden. In the six trials that were conducted, the sequences were AC, BC, AB, CA, CB, and BA.
Test 5: Three successive visible displacements. In this test, two covers were visited before the object was hidden under a third one. The sequences in the six trials were BAC, CBA, ABC, BCA, ACB, and CAB.
Test 6: Single invisible displacement. In this test, there were two covers. The object and the empty cube were placed side by side, the open panel of the container facing the experimenter. The object was inserted in the container which was then moved toward cover A and stopped in front of it. The object was invisibly pulled out from the container and displaced under cover A. The container was twisted on its vertical axis, the open panel facing the subject and showing that it was empty. Then, the experimenter twisted again the container on its vertical axis, the open panel now facing him or her, and moved it between cover A and cover B. There were four trials in Test 6.
Test 7: Sequential invisible displacement. In two consecutive trials, the object was manipulated as in Test 6, hidden under cover B rather than cover A.
In Group 1 (n = 8), the tests were administered in the order that they are described, whereas in Group 2 (n = 6), they were administered as follows: 6,1, 1, 2, 3, 4, and 5.
Two points should be mentioned to complete the description of this procedure, (a) At the beginning of a trial, the object and, in the invisible displacement tests, the container were placed either at the left, at the right, or in the center of the platform. These positions varied randomly from trial to trial, (b) In Tests 6 and 7, the container did not go under the cover but, instead, stopped in front of it. This modification of the usual procedure was necessary because it was impossible to move easily and efficiently, with the magnet, the container through the cloth that draped the cover. However, our procedure is consistent with the logic of Piagetian invisible displacements. Before the displacement, the object was seen disappearing in the container, and the container was shown to be empty after its visit to only one cover; consequently, the only place where the object could have disappeared is the cover that was visited by the container.
Results and Discussion
As the individual results show (see Table 1 ), the problems presented in the visible displacement tests were easily solved by both groups of subjects. In Group 1, one subject made an error in Test 3; the same subject and another made an error in Test 4 and Test 5. In Group 2, the performance was perfect and not even a single error was made. The subjects' performance in the visible displacement tests does not seem to have been influenced by the preliminary presentation of invisible displacement tests.
Results from Test 6 and Test 7 need a more detailed analysis. The performance in Test 6 is relatively low: The average number of trials in which the object was found was 2.5 in Group 1 and 0.7 in Group 2. Although both groups had difficulty understanding even the simplest invisible displacement, a one-tailed Mann-Whitney U test (U -4.5, p = .001) shows that Group 1 was more successful than Group 2. In fact, 5 subjects out of 8 found the object in at least three of the four trials, whereas in Group 2, none of the 6 subjects did.
A closer examination of the results (see Table 2 ) shows that as the trials progressed, the number of subjects from Group 1, which found the object, increased. A one-tailed binomial test reveals that although the difference was not statistically significant in the first three trials, in Trial 4 (p = .035), more cats succeeded than failed. In Group 2, none of the subjects succeeded in the first two trials; only one subject found the object in Trial 3, and there was an equal number of successful and of unsuccessful cats in Trial 4. Group 1 This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Thus, there are indications that Group 1's performance in Test 6 has been improved by the preliminary administration of visible displacement tests. In order to identify the source and the nature of this facilitation effect, we have analyzed the subjects' search behavior during Test 6 (see Table 2 ).
All cats from both groups walked toward the platform, which suggests that they were at least motivated to do the task. Then, one of the following three behavior patterns was observed, (a) The cat walked around the covers and the container and, without making any choice, interrupted its search activity (it roamed in the room or it licked and washed itself)-(b) It inserted a paw in the container and scratched the interior as if it was expecting to find the object in this location, (c) The cat inserted a paw under cover A (and touched the object) or under cover B.
As shown in Table 2 , the first behavior of the 6 cats from Group 2, in the first two trials of Test 6, was to insert their paw in the container, and this behavior was therefore, in each of these trials, significantly (p = .016) more frequent than paw inserting under a cover or search interruption. In the following two trials, there was no significant difference between paw inserting in the container and the other two behavior patterns. In Group 1, none of the 8 subjects interrupted its search activity after approaching the platform. In the first trial, more subjects visited the container than the covers, but this tendency was reversed in the following three trials. However, these differences were not statistically significant.
We have also analyzed what the subjects did after visiting the container (see Table 2 , 2nd behavior). In Group 1, the subjects either interrupted their search activity or pawed under one of the covers. By contrast, in the first three trials, all subjects from Group 2, which had previously visited the container, interrupted their search activity, and it was only in the last trial that some of them inserted their paw under one of the covers.
These results suggest the following interpretation. Cats from Group 2 displayed the typical behavior of Stage 5b infants, who are able to follow the successive visible displacements of an object, and who search for it in the location that results from the last visible displacement (Piaget, 1937, pp. 60-61) . In Test 6 of the present experiment, the container that served to invisibly displace the object was the last location where the cats have seen it disappear. Consequently, subjects from Group 2 searched for the object in this location, and because they did not discover the true hiding place, they did not know where to look next and interrupted their search activity. At the end of Test 6, some subjects began to probe the covers after visiting the container, and by so doing, increased their chances to find the object fortuitously. Having learned in Test 6 that the container is always empty, more subjects ignored it in Test 7 (see Table 2 ) and went directly to the covers.
More cats from Group 1 than from Group 2 were able to succeed in Test 6 because, like Stage 5b human infants, they have learned something that helped them to discover empirically the object. In fact, during the visible displacement tests, they had the opportunity to learn that the covers are potential hiding places and, consequently, from the beginning of Test 6, their learned tendency to probe the covers was as strong as their tendency to visit the container. As the trials progressed, they learned that cover B is empty, and in the fourth trial, most of the subjects went to cover A. In other words, the performance of Group 1 in Test 6 is not the result of a true understanding of invisible displacement but an artifact of place learning. This is confirmed by the fact that when the hiding place is changed in Test 7 (see Table 2 ), the improvement observed in the last trial of Test 6 has disappeared.
Experiment 2
Recently, Bjork and Cummings (1984; Cummings & Bjork, 1981a , 1981b have criticized the methodology and interpretation of Piagetian human studies of object permanence. Although their comments were especially concerned with the Stage 4 or AB error, they addressed an issue which has a more general relevance.
According to these authors, the Stage 4 error (repeating an action that has been previously successful rather than searching for the object in its new location) and failure to solve problems with sequential invisible displacements are artifacts of the Piagetian procedure. Given the constraints of a twochoice situation, if an overt error is made during a B-hiding trial, it must be a return-to-B error and, consequently, the search behavior appears as a repetition of the successful action. Bjork and Cummings (1984) have designed a fivechoice hiding task and have proposed a memory explanation of infant search behavior on the basis of data showing that it clusters at or near the B location.
In Experiment 2, we have adapted this new procedure to cats in order to assess object permanence in a more complex situation and as a further test of our hypothesis. We have also used two hiding modalities: The object entered under the cover either by its front panel as in Experiment 1 or by its rear panel. The last modality should, in principle, result in a lower performance because the disappearance is partly invisible.
Method Subjects
Thirty-two (16 male and 16 female) adult cats were used in Experiment 2. They had the same characteristics and received the same treatment as the cats in Experiment 1.
Apparatus
The material was the same as in Experiment 1 except for two additional covers.
Procedure
The procedure was modified as follows: 1. All tests were administered with five identical covers on the platform and included five trials.
2. After the training session, the tests were presented in the following order: a Preliminary test; the Single and Sequential Invisible Displacement tests; three visible displacement tests (Single, Sequential, and Three Successive Displacement tests).
3. The Preliminary test was in fact a single visible displacement test: the object was hidden in five trials under cover C, right in the middle of the platform. Its purpose was to assess the effect of the two Invisible Displacement tests on the Single Visible Displacement test. The subjects could not learn that covers A and B are potential hiding places but could learn that cover C has this property.
4. In the Single Invisible and the Sequential Visible Displacement tests, the object was hidden under cover E, at the right of the platform, whereas in the Sequential Invisible and the Single Visible Displacement tests, it was hidden under cover A, at the far left of the platform. In the Three Successive Visible Displacement test, the sequence of covers that were visited by the object in the five trials were EGA, ABD, CAE, EDB, and ADE.
5. The subjects were habituated to the presence of the container during the Preliminary test. As in Experiment 1, it was placed between two covers that differed from one trial to another.
6. In the invisible displacement tests, the container was placed in front of a cover (other than the hiding cover), the open panel facing the subject. In Experiment 1, the open panel was facing the experimenter and not the subject because our procedure was modeled on Decarie's (1965) , who, after the invisible displacement, presents the infant with hand closed. In Experiment 2, we have adopted Uzgiris and Hunt's (1975) procedure in order to test if the tendency to visit the container persists even if it is visibly empty.
The object entered under the hiding cover by the front panel in Group 1 (n = 17) and by the rear panel in Group 2 (n = 15).
Results and Discussion

Visible Displacement Tests
The subjects' performance in the Preliminary test of Experiment 2 was not as outstanding as the performance of the subjects in Test 1 of Experiment 1. However, 78.2% found the object in at least four of the five trials. A Chi-square shows that the groups did not differ in the frequencies of subjects that succeeded in 3, 4, and 5 trials, x 2 (2, A" = 32) = 0.5965. A Cochran test made on the 32 subjects also revealed that the performance was stable all over the test, (2(4) = 3.03 (see Table 3 ); there was no significant difference between the five trials.
In the Single Visible Displacement test, 93.8% of the subjects were successful in at least four of the five trials. There is no significant difference between the groups in terms of the frequencies of subjects that succeeded in 3, 4, or 5 trials, x 2 (2, TV = 32) = 3.0984, and no significant difference, Q(4) = 3.83, between the five trials.
A comparison of the results in the Preliminary test and in the first visible test, which were in fact identical, shows that there is no significant difference, £(31) = 1.42, between the two tests in terms of the mean number of trials in which the object was found (Preliminary test = 4.38; Single Visible Displacement = 4.59). Therefore the level of success in the first visible test was not influenced by the previous administration of the invisible displacement tests. However, in the few cases in which the object was not found, the subjects' behavior seems to have been influenced by the sequence of presentation.
In the Preliminary test, 20 errors were made overall (in 160 trials), and these errors can be divided into two categories. In seven cases, the animal simply roamed on the platform and did not insert a paw under any cover. In the remaining 13 cases, the paw was inserted under either cover B (n = 5) or cover D (n = 8) but never under cover A or E. In other words, it seems that the probability of searching was not different from the probability of not searching, but when the subjects did search, they had a clear tendency to choose, as predicted by Bjork and Cummings (1984) , a cover that was the nearest from the true hiding place (cover C). In the Single Visible Displacement test, the 13 errors that were made are of the same category. The object, which was hidden under cover A, was searched for under cover B six times, under cover C four times, and under cover D three times. Once again, it seems that the nearest two covers from A were visited more frequently than the two others.
This error analysis suggests that the administration of the Preliminary test and/or of the invisible displacement tests, which has not influenced the subjects' level of success in the Single Visible Displacement test, may have increased their tendency to probe the covers. It also suggests that cats' errors, in a problem that is within their cognitive capacity, result from an encoding problem such as an attentional deficit or an inaccurate localization of the cover.
Although the situation was more complex than in Experiment 1, adult cats were able to display, as revealed by the Sequential and the Successive Visible Displacement tests, Stage 5a and Stage 5b behaviors. In the Sequential Visible Displacement test, 90.6% of the subjects found the object in at least four of the five trials and, consequently, did not make the AB error. The groups do not differ, x 2 (3, N = 32) = 1.46, in terms of the frequencies of subjects that succeeded in 2, 3, 4, or 5 trials, and there is no significant difference, Q(4) = 7.2, between the five trials. In the Successive Visible Displacement test, the criterion of four successful trials was achieved by 87.5% of the subjects, and there was no significant difference between the groups, x 2 (3, N = 32) = 1.93, or the trials, C?(4)= 1.14.
Because the groups do not differ in any of the visible displacement tests, it seems that the performance was not influenced by the modality of object disappearance (front or rear panels). In fact, a closer analysis of the subjects' search activity confirms this conclusion. Generally subjects from Group 1 reached the object by inserting their paw through the front panel (76.3% of search attempts); that is, the path followed by the object when it had disappeared. In many trials, however, they also used the side panels (23.7%). This flexibility of the search behavior, which had already been observed by Thinus-Blanc et al. (1982) , is even more obvious in Group 2. Although the object always disappeared through the rear panel, these subjects used the side (47.5%) and the front (52.5%) panels in nearly equal proportions, and they never inserted their paw through the rear panel of the hiding cover. In other words, they were using the shorter route to the goal.
Invisible Displacement Tests
In the invisible displacement tests, the subjects' level of success was lower than in Experiment 1. As shown in Table  3 , most trials were failed: in the Single and Sequential Invisible This document is copyrighted by the American Psychological Association or one of its allied publishers.
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In order to test the Piagetian prediction that Stage 5b organisms should search for the object in the last location that they have seen it disappear (in this case, the container), we have analyzed, as in Experiment 1, the frequency of the behavior patterns (no choice, paw inserting in the container, and paw inserting under a cover) that were displayed just after approaching the platform, in the Single Invisible Displacement test.
As can be seen from Table 4 , the interruption of the search activity after roaming on the platform was less frequent, in each trial, than choosing either the container or one of the five covers (Trial 1: z = -4.07, p = .00003; Trial 2: z = -1.94, p = .0262; Trials 3 and 5: z = -3.00, p = .0013; Trial 4: z = -2.30, p = .0107). When the subjects did make a choice, the frequencies of paw inserting in the container and of paw inserting under a cover did not differ significantly as revealed Because the container did not receive more visits than the covers, the results do not seem to confirm the Piagetian interpretation of Stage 5b errors in invisible displacement tests. However, three facts have to be considered.
1. The subjects in Experiment 2 behaved like cats from Group 1 in Experiment 1. Therefore it is possible that they had, like these cats, the opportunity to learn, in the Preliminary test, that the covers were potential hiding places. The experience of searching under cover C would have been sufficient to increase their tendency to probe the covers which, without this learning, would have been low (see Group 2 in Experiment 1).
2. In Experiment 2, the open panel of the container is facing the subject at the end of the manipulation, whereas in Experiment 1, it was the closed panel. It is possible that by seeing the container empty, the cats' tendency to probe the covers was as strong as their tendency to probe the container.
3. A third fact that should be considered is the subjects' choice in relation with the true hiding place and with the location of the container.
In the Single Invisible Displacement test, the experimental manipulation is complex (the object is first hidden in the container that is moved in front of a cover; then, while moving in front of another cover, it is twisted on its vertical axis), and it is possible that the animal has a problem to encode in front of which cover the container has been emptied of its content. In this case, the cat would search for the object near the true hiding location, and its error would not result from a cognitive limitation, but from an information deficit. In order to test this possibility (which is derived from Bjork and Cummings', 1984 , memory hypothesis), we have compared the frequency with which covers A and B versus covers C and D were chosen (see Table 4 ). In Trials 1 (p = .033) and 3 (p = .006), the two nearest covers from E were in fact chosen more frequently than the two others; in Trial 4 (p= .055), the difference was nearly significant, but in Trials 2 and 5(p= .500), it was not. These results show that the difference was significant or nearly significant only when the container was in front of covers C and D. Thus it seems that the location of the container had an important influence on the subjects' choice.
As the data from Table 4 show, the subjects did not always choose the cover in front of which the container was parked at the end of a trial. However, if we compare the total number of visits made to the container and to this cover versus the total number of visits made to the other four covers, they differ significantly in four trials (Trial 1: z = -2.47, p = . In summary, the Piagetian interpretation is not to be rejected but it has to be slightly modified. When faced with a problem with invisible displacement, adult cats, which display Stage 5b permanence, will search for the object in the last location where they have seen it disappear, and if they have experience with other hiding places or if visible cues are available (empty container), they will look under the nearest cover from this location.
General Discussion
As mentioned previously, Triana and Pasnak (1981) conclude that cats are able to display Stage 6 behavior. The discrepancy between their results and our own has to be dealt with because they used human analog tests that were quite similar to those used in our experiments.
Triana and Pasnak have conducted two experiments. Results from the first experiment were not conclusive because the incentive value of the target object (a small pillow) was very low and there was no preliminary training with secondary reinforcement. In their second experiment, Triana and Pasnak used only three cats, and food was substituted for the small cloth pillow, the task being modified to control for odor cues. With this procedure, the subjects succeeded in visible as well as in invisible displacement tests, and the authors concluded that cats do possess the full range of concepts involved in object permanence.
Although the results to the visible tests are convincing, those related to the invisible displacement tests are questionable on methodological grounds. First, these tests were always administered after the visible tests, and as shown in our first experiment, this particular sequence can create a learning effect that reflects the subjects' previous experience rather than their true understanding of the manipulation. Second, the first invisible test (Single Invisible Displacement) that was presented by Triana and Pasnak used only one cover, and the container (the experimenter's hand), which had served to accomplish the invisible displacement, was not available to the subject. Therefore there was only one potential hiding place, and because the animal had already learned, in the visible tests, that the object was to be searched for under the covers, it was highly probable that the only available cover would be probed.
This analysis of Triana and Pasnak's results does not support their conclusion, and it still has to be shown that cats are able to display Stage 6 behaviors. However, the two experiments that we have reported confirm the result that the development of object permanence, in these animals, enables them to follow and understand successive visible displacements of a disappearing object.
In simple (Experiment 1) and complex (Experiment 2) situations, cats are able to find an object that they have seen disappear, even if this object moved or was displaced from one location to another. The few errors that they make in these situations reflect only an encoding problem, as shown by the fact that they search for the object in the nearest location from the true hiding place. On the other hand, adult cats, unlike Stage 6a human infants, are entirely dependent from their immediate perception. They are unable to mentally represent the invisible displacements of an object, even if there are cues (showing the empty container after its displacement in front of the hiding location) indicating where this object is. As Stage 5b human infants, they search for it in the last location they have seen it disappear. If they do not have any experience with the hiding places, they will search in this location and will then withdraw from the search activity. If they have learned the hiding potential of the covers, they will persist and look for the object in the nearest cover from the disappearing location.
Translated in more naturalistic terms, this means that a cat that is not familiar with the environment of its prey would be able to catch it, only as far as its displacements can be perceived. If the prey becomes temporarily invisible, the cat will search for it behind or under the cover that the prey temporarily used, but then it will be puzzled and interrupt its pursuit. If the cat is familiar with the prey's environment, it will also search for it behind or under the cover that the prey temporarily used, and if it is not found, it will persist and probe the nearest cover (which could be the true hiding place of the prey). In the absence of olfactory or auditory cues from an invisible prey, the efficiency of cats' predatory behavior is limited by their level of object permanence as well as by the knowledge of the environment they have previously acquired. When the displacements of the prey are visible, the efficiency is maximal. When the displacements are temporarily invisible, the efficiency is null in an unfamiliar environment and very low in a familiar environment.
Although object permanence has received much more attention, in the animal literature, than any other Piagetian concepts, only a limited number and variety of species have been adequately studied (Dore & Dumas, 1986) . It is therefore difficult to draw any firm conclusion from interspecific comparisons. However, Etienne (1973a Etienne ( , 1974 has suggested an interesting classification of animal reactions to the disappearance of physical or social objects.
The first kind of reaction is observed in predatory species of various phyla (insects, spiders, and some vertebrates), which have developed special devices and stereotyped movements objects that have immediate survival value. The second kind of reaction results from learning. On the basis of perceptual cues and exercise, the animal learned gradually where the object had disappeared. These reactions, which are typical of human infants in the first two stages of sensorimotor intelligence, have been observed in some birds such as domestic chicken (Etienne, 1973b) and ring doves (Dumas & Wilkie, 1982) , and in some mammals such as the rabbit (Krushinskii, 1962 , cited by Etienne, 1973a . The third kind of reaction is revealing of true object permanence: In an unfamiliar situa-1982), and in some mammals such as the rabbit (Krushinskii, 1962 , cited by Etienne, 1973a . The third kind of reactions is revealing of true object permanence: In an unfamiliar situation and without exercise, the animal is able to find an object that has disappeared. These reactions are observed in species that have a good spatial orientation and are able to tolerate temporal delays and to show plasticity and adaptability in their behavior. In Piaget's theory, Stage 4 behaviors are considered as the first signs of object permanence. On the basis of this criterion, This document is copyrighted by the American Psychological Association or one of its allied publishers.
this cognitive structure can be said to exist in many species, at various level of development. Although there is evidence that apes and white-throated capuchins are able to display Stage 6 behaviors (Mathieu & Bergeron, 1981; Mathieu et al., 1976; Redshaw, 1978; Wood et al., 1980) , Stage 5 behaviors have been observed in stump-tailed macaques (Parker, 1977) , in wooly monkeys (Lagothrica ftavicauda, Mathieu et al., 1976) as well as in dogs (Triana & Pasnak, 1981) . Hamsters (Thinus-Blanc & Scardigli, 1981) and other primates (Anderson, Hunt, Vander Stoep, & Pribram, 1974; Snyder, Birchette, & Achenbach, 1978; Vaughter et al., 1972; Wise et al., 1974) have also been investigated, but the level of object permanence of these species has still to be determined, because of methodological ambiguities in these studies (Dore & Dumas, 1986) . Our results as well as those of previous investigators show that cats are able to display Stage 5b behaviors and that their reactions belong to the third kind of Etienne's classification, that is, true object permanence. However, this cognitive structure is not, in this species, as fully developed as it is in human infants or in some primates: In situations with invisible displacement, cats display the second kind of reaction to a disappearing object rather than the third.
